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[57] ABSTRACT 

The object of the present invention is to provide a radio 
receiver, having a high reception sensitivity, that can limit 
cross-modulation even during the transmission of a signal 
that is related to frame synchronization and thai has a signal 
strength different from that of another channel, and that can 
take into consideration the deterioration of a received signal 
caused by thermal noise. A gain controller is provided that 
employs the quality of received data detected by an error 
detector and the magnitude of a signal output by a band-pass 
filter in order to determine whether cross-modulation has 
occurred, and that controls the degree of attenuation pro- 
vided by a variable gain attenuator provided at the front end 
of a reception unit. 

9 Claims, 3 Drawing Sheets 
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RADIO RECEIVER FOR RECEIVING A 
MODULATED DIGITAL SIGNAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
The present invention relates to a receiver for radio 

communication, such as a selective call receiver (a pager), a 
portable radio telephone or a cordless telephone, and in 
particular to a technique for restricting the effect of cross- 
modulation on a reception system. 10 

2. Description of the Prior Art 

Conventionally, in a common service area a plurality of 
carriers provide their services for mobile radio communica- 
tion devices, such as selective call receivers (pagers), por- ^ 
table radio telephones or cordless telephones. In the service 
area, base stations for individual carriers are provided and 
facilitate communication. 

In this situation, when a mobile radio device, for which a 
specific carrier (e.g., company A) provides a communication 2Q 
service, is moved near a base station of another carrier (e.g., 
company B), a plurality of signals transmitted by the base 
station of company B act as jamming signals for the mobile 
radio device. These jamming waves have a reception signal 
strength that is greater than the desired reception level for 25 
the communication service provided by company A. 

In this case, even when a jamming signal transmitted by 
a base station of company B has a different frequency from 
that of a desired wave (company A), because of the nonlin- 
ear property of the receiver, the desired wave may be 30 
modulated by the jamming signal. Furthermore, when two or 
more strong jamming signals are present at the same time, 
a modulation product produced by the jamming signals is 
generated due to the non-linear property of the receiver, and 
affects the frequency of a desired wave that is received. As ^$ 
a result, even when the reception signal strength of the 
desired wave is sufficiently high, the desired wave can not be 
accurately received. Generally, these phenomena are known 
as cross-modulation and intermodulation, and are important 
elements that affect the performance of a radio receiver. ^ 

A conventional technique for reducing obstruction due to 
such cross-modulation and inter-modulation (hereinafter 
referred to simply as cross-modulation) will now be 
described while referring to FIGS. 1 and 2. 

FIG 1 is a block diagram illustrating the arrangement as 45 
a reception system of a radio receiver employing a double 
superheterodyne reception system that is disclosed as prior 
art in Japanese Unexamined Patent Publication No. Hei 
5-335857. 

In the conventional radio receiver, a high frequency signal 50 
is received at an antenna 51, transmitted through a variable 
attenuator 52, and amplified by a high frequency amplifier 
53. The amplified signal is passed through a high frequency 
band -pass filler 54 to a first frequency mixer 55. The 
frequency mixer 55 mixes the received signal with a first 55 
local oscillation signal LOl that is output by a first local 
oscillator 56 and obtains a first intermediate frequency 
signal. The first intermediate frequency signal is passed 
through a first intermediate frequency filter 57 to a second 
frequency mixer 58. The second frequency mixer 58 mixes 60 
the first intermediate signal with a local oscillation signal 
L02 that is output by a second local oscillator 59 and obtains 
a second intermediate frequency signal. The second fre- 
quency signal is passed through a second intermediate 
frequency filter 60 to a wave detector 61, and is output as a 65 
demodulation signal to a demodulation section provided at 
the next stage. 



2 

When a strong jamming signal is received from a base 
station of another carrier, jamming signal induces cross- 
modulation on a desired wave in the high frequency ampli- 
fier 53 and the first frequency mixer 55. To cope with this 
phenomenon, in the receiver in FIG. 1, the variable attenu- 
ator 52 reduces the level of a high frequency signal that is 
input to the high frequency amplifier 53 to limit the cross- 
modulation that is induced by the jamming signal. 

In this case, to control the degree of attenuation provided 
by the variable attenuator 52, the second intermediate fre- 
quency signal is amplified by an amplifier 62, the resultant 
signal is rectified by a rectifier 63, and the obtained direct 
current voltage is supplied as a gain control signal to the 
variable attenuator 52. That is, when a jamming signal 
having a high reception signal strength is received, the signal 
strength of the intermediate frequency signal is increased, as 
is the direct current voltage of the rectifier 63. Since the 
direct current voltage is employed as a gain control signal, 
the degree of attenuation provided by the variable attenuator 
52 is increased. 

Another radio receiver is disclosed in Japanese Unexam- 
ined Patent Publication No. Hei 5-335857. This radio 
receiver employs a direct conversion reception system hav- 
ing a simplified reception circuitry that is compactly con- 
structed to enhance its portability, and that limits the cross- 
modulation that is induced by a jamming signal. In FIG. 2 
is shown the configuration of this radio receiver that 
employs the direct conversion reception system. 

In FIG. 2, the radio receiver comprises; a high frequency 
amplifier 72; a high frequency band-pass filter 74; a first 
frequency mixer 75; a local signal oscillator 76; a low-pass 
filter 77; a variable gain attenuator 73, for varying the 
strength of a received signal and output ting it along a signal 
path for a received signal; and a controller 79, for deter- 
mining whether or not a predetermined frame sync signal is 
detected in base band signal data (DT) that is demodulated 
by a wave detector 78. If the controller 79 determines that 
a frame sync signal is not detected in the base band signal, 
a gain controller 80 generates a predetermined gain control 
voltage to increase the degree of attenuation provided by the 
variable gain attenuator 73. That is, according to the radio 
receiver, attention is drawn to the fact that, if cross- 
modulation is induced by a jamming signal, a predetermined 
signal is not detected in a received baseband signal of a 
desired wave. When it is ascertained that a predetermined 
sync signal is not detected in a demodulated baseband 
signal, the gain controller 80 reduces the gain of the variable 
gain attenuator 73 until it is equal to or lower than a 
predetermined value. 

In addition, when the reception signal strength of the 
desired wave is reduced until it is equal to or lower than a 
predetermined threshold value, the gain controller 80 
reduces the degree of attenuation provided by the variable 
gain attenuator 73 and recovers the gain. As a result, a 
problem can be prevented that occurs when, although nor- 
mally a desired wave can be received satisfactorily, the 
desired wave can not be received at an adequate reception 
level because of the degree of attenuation provided by the 
variable gain attenuator 73. 

However, for conventional radio receivers, the following 
problem has arisen concerning the control of the degree of 
attenuation provided by the variable gain attenuator in 
accordance with whether a predetermined signal is detected 
in a demodulated baseband signal. 

Specifically, according to T1AJS-95, which is the North 
American Standard for a radio communication system that 
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employs a code division multiple access (CDMA) method 
using a direct sequence spread spectrum (DS-SS), a signal (a 
pilot channel signal) related to frame synchronization is 
transmitted with higher strength than another channel signal 
(an information signal such as a traffic signal that a user 
actually uses) by a base station. Thereafter, when a jamming 
signal having a strong signal is received, although a channel 
signal (an information signal such as a traffic signal) desired 
for reception is affected by cross-modulation, the conven- 
tional technique receives and detects a pilot channel signal 
having stronger strength, so that gain control is not satis- 
factorily exercised, and as a result, cross-modulation due to 
a jamming signal can not be adequately limited. 

Furthermore, when cross-modulation also occurs after 
frame synchronization is acquired, adequate gain control can 
not be exercised and a satisfactory reception quality can not 
be maintained. 

Further, the above described conventional radio receiver 
can not exercise adequate control when a frame sync signal 
can not be detected for a reason other than the occurrence of 
cross-modulation. 

SUMMARY OF THE INVENTION 

It is, therefore, one object of the present invention to 
provide a radio receiver that limits the effect of cross- 
modulation and that has a high reception sensitivity. 

Specifically, it is the object of the present invention to 
provide a radio receiver, having high reception sensitivity, 
that can limit cross-modulation due to a jamming signal not 
only when a signal related to frame synchronization is 
transmitted at the same signal strength as that of another 
channel signal, but also when, according to TIA.IS-95, a 
signal related to frame synchronization is transmitted with a 
higher signal strength than that of another channel signal. 

It is another object of the present invention to provide a 
radio receiver, having high reception sensitivity, that can 
limit the effect of cross-modulation even when it occurs after 
synchronization has been acquired, and that can take into 
account deterioration of a received signal due to a phenom- 
enon other than cross-modulation, i.e., thermal noise. 

To achieve the above object, according to the present 
invention, a radio receiver for receiving a modulated digital 
signal comprises: 

variable gain attenuation means for limiting a signal level 
of a high frequency signal that is received; 

high frequency amplification means for amplifying the 
high frequency signal output by the variable gain attenuation 
means; 

frequency conversion means for converting the high fre- 
quency signal that is amplified into an intermediate fre- 
quency signal; 

a band-pass filter for permitting a passage only of prede- 
termined frequency band of the intermediate frequency 
signal; 

variable gain intermediate frequency amplification means 
for amplifying a signal passed through the band -pass filter 
and for exercising automatic gain control to output an 
amplified signal having constant average power; 

demodulation means for demodulating a signal output by 
the variable gain intermediate frequency amplification 
means to obtain a baseband signal, and for outputting 
received data; 

error detection means for detecting an error in the 
received data and for outputting a quality deterioration index 
representing deterioration of quality of the received data; 
and 
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gain control means for employing the magnitude of a 
signal output by the band-pass filter and the quality dete- 
rioration index to control the degree of gain attenuation 
performed by the variable gain attenuation means, the gain 

5 control means ascertaining, when deterioration in a quality 
of the received data is detected based on the quality dete- 
rioration index, that the quality of the high frequency signal 
that is received has been deteriorated, and increasing the 
degree of gain attenuation provided by the variable gain 

10 attenuation means when the magnitude of the signal output 
by the band-pass filter is equal to or greater than a prede- 
termined value, and reducing the degree of gain attenuation 
when the magnitude of the signal is smaller than the pre- 
determined value. 

15 In the above structured radio receiver, the variable gain 
attenuation means, which is provided at the front end of the 
reception unit, attenuates the level of a received high fre- 
quency signal, which is to be input to a high frequency 
amplifier at the next stage, in order to limit the cross- 

20 modulation that will occur by the non-linear property of the 
receiver when a strong jamming signal is received. 

A high frequency signal that passes through the variable 
gain attenuation means is amplified by the high frequency 
amplification means, and the frequency of the resultant 

25 signal is changed by the frequency conversion means to a 
frequency in a frequency band that is adequate for the 
amplification of signals in the radio receiver Lo obtain an 
intermediate frequency signal. The frequency conversion 
means can be a frequency converter that is constituted by a 

30 local wave oscillator, for oscillating a local wave, and a 
frequency mixer, for mixing a desired wave and a locally 
oscillated wave to form an intermediate frequency that is the 
sum of, or the difference between, the two waves. 

35 The intermediate frequency signal is output to the band- 
pass filter to extract a signal in a predetermined frequency 
band that is required for the demodulation of signals that are 
distributed along the axis of frequency, with the intermediate 
frequency as the center. 

A signal that passes through the band-pass filter is 
amplified, before demodulation, by the intermediate fre- 
quency amplification means to improve gain. At this time, 
by providing, in parallel to an amplifier, an amplitude limiter 
or automatic gain controller, the intermediate frequency 

45 means exercises automatic gain control to output a signal 
having a constant average power to the demodulation means 
at the next stage. This is particularly important for commu- 
nication between portable devices during which the level of 
a received high frequency signal drastically varies, and can 

50 eliminate, from a parameter that is related to the field 
intensity of a received signal, the occurrence of the effect 
during the subsequent demodulation and error detection 
procedures. 

The demodulation means detects a modulated signal and 

55 outputs a baseband signal. 

In order to limit the effect due to cross-modulation, 
according to the present invention attention is focused on the 
fact that when there is deterioration of the quality of a high 
frequency signal by cross-modulation, there is also deterio- 

60 ration of a baseband signal obtained by demodulation, and 
the degree of attenuation provided by the variable gain 
attenuation means is controlled by employing, as 
parameters, the quality of the received data and the magni- 
tude of a signal output by the band -pass filter. Specifically, 

65 when the reception level of a desired signal is considerably 
higher than that of thermal noise, a demodulated baseband 
signal, i.e., the index representing the quality of received 
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data, is employed to control the degree of attenuation the degree of attenuation provided by the variable gain 

provided by the variable gain attenuation means located at attenuation means. 

the front end of the reception unit. Furthermore, whether the With the above arrangement, cross-modulation due to a 
deterioration of a received high frequency signal is caused jamming signal can be limited not only when a signal related 
by cross-modulation or by thermal noise is determined by 5 to frame synchronization is transmitted with substantially 
referring to the magnitude of a signal output by the band- the same signal strength as that of another channel signal, 
pass filter. According to the determination, the level of a but also when a signal related to the frame synchronization 
signal that is to be sequentially input to the reception block according to T1A.IS-95 is transmitted with a signal strength 
is adjusted to limit cross-modulation. When the reception higher than thal of ano ther channel signal. Furthermore, in 
quality is improved, gain is also improved by reducing the 3Q an eavironme nt where cross-modulation occurs after syn- 
degree of attenuation provided by the variable gain chronization has been established, the effect of cross- 
attenuator, so that deterioration of the reception quality due modulation can be limited. 

tojhermal noise can be prevented. In addition, when deterioration of the quality of a received 

C Thereforerthe-radio receiver-of-ihe-present"invenUon| high f requency s j gna i j s causec i by a phenomenon other than 
^comprises the error detection means for detecting andmea-> 15 cross-modulation, i.e., thermal noise, the degree of attenu- 

suringdejer^ion,ofj^qu^ ation prov i de d by the variable gain attenuation means is 

control means for employing the detectionresulno control reduced, so that the reception sensitivity can be enhanced, 

the degree of attenuation provided by the variable gain As is described above, according to the present invention, 

J!H52^1^ n mean ^* — . the degree of attenuation provided by the variable gain 

f The error detection means includes all means used for 20 attenuation means is controlled by the gain control means by 

f evaluating the quality of received data, and employs the using) as pararn eters, the quality deterioration index output 

^result of an evaluation to output a quality deterioration index* b y the error detection means and the magnitude of the output 

that represents the epnLof Jhe_deterior,a^ of lhe band-pass filter. In particular, according to the inven- 

^ta_baseband signal>For example, the error detection means tion cited in claim 2 , the error detection means detects and 

conducts parity checking for a received frame, and outputs 25 measures errors in lhe rcce ivcd data and outputs the quality 

the result as a quality deterioration index. In this case, the deterioration index, and the gain control means includes 

quality deterioration index is either "0" or "1 " The error comparison means for comparing a quality deterioration 

detection means may perform error determination, such as threshold value, which is determined in advance for the 

parity checking, for a predetermined number of symbols or quality deterioration index, with the quality deterioration 

frames, may count the symbols or frames for which an error 30 mdex oulput by tne error dete ction means, 

was detected, and may output the symbol error count (bit WheQ tfae x deterioration index output by the error 

error eramj^rto £ram^ deleclion means exceeds lhe ^ deterioration threshold 

tioaindex. Further the error detection means may determine*. ya , {{ ^ mat detC rioration of the quality of the 

Ohe maximum likelihood and employ it as the quality dete- w fa fr si al that is received has occurred 

tno ration mdex. In addition, as a quality deterioration mdex,- 35 » c . , ... c . , 

j> , , . ' ^ J . .l n i-L Jt Any type of index representing the quahty of received 

a symbol error count or a frame error count, or the likelihood; , A v. i j i -. j , . • • . 

^u^w.u.vw " . . . . i . data can be employed as a quality deterioration index. 

/ that results from the determination of the maximum. n . • v / . M c J . . 

\ ...... . . t . . t . . . , J Particularly m the invention defined in claim 3, the error 

^ likelihood, may be output by the error detection means;but f . . . J . . . , ' , 

L ,/ i^-j-/— ■ — r- — --j — —ir- — i- i . -j-tr— L detection means detects and measures symbol errors 

the quality deterioration mdex may be calculated based on . . . . . t , . , , t . . . 

M J ~ , i included in the received data, and outputs as the quality 

one, or more than two of these values. 40 j . ■ • j li . r j . • _i 

* ... deterioration index a symbol error count for a predetermined 

Deterioration of the quality of received data will occur not number of frames 

only when cross-modulation occurs but also when a desired n ,." ... . c , . , . A , 

3 , . . c . .. ,. , c . t Further, according to the invention denned in claim 4, the 

wave does not have a satisfactorily high field intensity , ' . j . . j 

. . . , . .... . • i • error detection means detects and measures an error in a 

relative to thermal noise. When a strong jamming signal is . , - . . - . . . , . iL . 

. . . i . j ■ „■ r received frame by using for error detection a symbol that is 

received and cross- modulation occurs, deterioration of the 45 * . . ■ . , c , . t ... 

r , , . . , . £■ * i_ added in advance to the frame, and outputs as the quality 

quality of a baseband signal occurs and the output of the . . . . . . , r . / j . ■ j 

2 i ru i • i .1. iL - i . deterioration index a frame error count for a predetermined 

band-pass filler is also increased. On the other hand, when number of frames 

deterioration of the quality of the baseband signal is caused , * . , . 

by thermal noise, generally, a signal oulput by the band-pass In addll :° D ' according to the invention defined in claim 5, 

filter carries comparatively weak thermal noise. so err0r de J te r Cll0 ° meaDS mea *^ s u a f ' ame «ior count m 

„„ . j 4 * ,* r .u i « r,L . . ^the received frame by using a likelihood obtained'by'deteT^ 

When the deterioration of the quality of the received data . — ^{TZvuf^~T~TZr: — r 

...... . • . i i ( mining a maximum likelihood, and outputs the fra me err or 

is detected, therefore, the gain control means employs the V . ,.. . . • ^-> r 

% . r - i . . u .u u j ru ■ fcount as the quality deterioration indexrv 

magnitude of the signal oulput by the band-pass filter, i.e., r-?-,— , -- — - — \ 

the maximum power value or the average power value, to f Since ™ u, P le values ^q^nt.al values are employed 

determine whether the deterioration of the quality is caused 55 for a deterioration index, a more stable reception 

by cross-modulation or by thermal noise. That is, when the sensitivity can be obtained. 

quality deterioration index exceeds a predetermined value Furthermore, according to the invention defined in claim 

and when the magnitude of the signal output by the band- 6 ' the 8 ain 0001x01 means deludes: 

pass filter is large, the gain control means ascertains that first storage means for storing a first threshold value for 

cross-modulation occurred and increases the degree of 60 quality deterioration that is defined in advance relative to the 

attenuation provided by the variable gain attenuation means. quality deterioration index; 

As a result, the effect due to the cross-modulation can be first comparison means for comparing the first threshold 

limited. In addition, when the magnitude of the signal output value stored in the first storage means with the quality 

by the band-pass filter is small, even though quality dete- deterioration index output by the error detection means; 

rio ration exceeds the predetermined value, the gain control 65 second storage means for storing a second threshold value 

means ascertains that thermal noise is the cause of the that is defined in advance for the magnitude of the signal 

deteriorated in the quality of a baseband signal, and reduces output by the band-pass filter; 
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second comparison means for comparing the second band-pass filter is equal to or greater than the second 

threshold value stored in the second storage means with the threshold value, a control signal to increase the degree of 

magnitude of the signal output by the band-pass filter; and attenuation provided by the variable gain attenuation means 

control signal output means for employing a result until the quality deterioration index is smaller than the 
obtained by the first comparison means and a result obtained 5 threshold value for quality recovery stored in the third 
by the second comparison means to output a control signal storage means, or outputting, when the second comparison 
for controlling the degree of attenuation provided by the means determines that the magnitude of the signal output by 
variable gain attenuation means, the signal output means l h e band-pass filter is smaller than the threshold value, a 
ascertaining, when the first comparison means determines COQtro1 si S nal 10 reduce ^ de S ree of attenuation; and 
that the quality deterioration index exceeds the first thresh- 10 updating means for, when the degree of attenuation pro- 
old value, that deterioration of the quality of the high vided by the variable gain attenuation means is increased by 
frequency signal has occurred and outputting either a control the control signal output means and the third comparison 
signal to increase the degree of attenuation provided by the means determines that the quality deterioration index is 
variable gain attenuation means, when the second compari- smaller than the third threshold value for the quality 
son means determines that the magnitude of the signal 15 recovery, updating the second threshold value stored in the 
output by the band-pass filter is equal to or greater than the second storage means, the updating means updating the 
second threshold value, or a control signal to reduce the contents stored in the second storage means by employing 
degree of attenuation, when the second comparison means the magnitude of a signal currently output by the band-pass 
determines that the magnitude of the signal output by the filter as a new second threshold value, 
band-pass filter is smaller than the threshold value. 20 With this arrangement, when the quality of received data 

That is, while the first threshold value is employed to is improved by increasing the degree of attenuation, the 

detect the deterioration of the quality of received data, the magnitude of the output of the band-pass filler is employed 

second threshold value is employed to determine whether as a new second threshold value that serves as a reference for 

the deterioration of the quality is caused by cross- determining whether the deterioration of the quality of 

modulation or by thermal noise. With this arrangement, 25 received data is caused by cross-modulation or by thermal 

when the deterioration of the quality of received data is modulation, so that gain control consonant with the change 

caused by cross-modulation, the degree of attenuation pro- in the situation is exercised. As a result, a radio receiver 

vided by the variable gain attenuation means is increased. having high reception sensitivity can be provided. 

And when deterioration of the quality of the received data is The first, the second and the third storage means include 

caused by thermal noise, the degree of attenuation is 30 all means that are used for the recording of data, such as 

reduced. As a result, a radio receiver having a high reception ROMs, RAMs and registers. The first, the second and the 

sensitivity can be provided. third comparison means may be constituted by a comparator, 

According to the invention defined in claim 7, the gain or by a microcomputer and a program that enables the 

control means includes: performance of comparison by the computer. Similarly, the 

first storage means for storing a first threshold value for * signal output means may be constituted by an analog 

quality deterioration that is defined in advance relative to the c,rcult or a dl S ,lal c,rcult - or b V a microcomputer and a 

quality deterioration index; program. 

first comparison means for comparing the firs, threshold f P. resent inventi ° n c , an , be a PP| ied , for a rat ?j° K ™ V « 

value stored in the first storage means with the quality 40 for J"* 6 ™"* a modulated dtg.ta s.gnal, regardless of the 

a . • . ~ • M%t t w„ „ , i ,_ f - . modulation system that is used. In particular, according to 

deterioration index output by the error detection means; . . . 3 . , . , . 0 ' ' . . & ,. 

„ . tne invention cited in claims 8 and 9, provided is a radio 

second storage means for stonng a second threshold value recdver for employillg pseudo-noise (PN) sequence to 

that is defined in advance for the magnitude of the signal feceive modulaled digital signals obtained by direct 

output by the band-pass filter; ^ sequence spread spectrum modulation. 

second comparison means for comparing the second According to the radio receiver defined in claim 8, the 

threshold value stored in the second storage means with the frequency conversion means performs de-spread processing 

magnitude of the signal output by the band-pass filter; by mu i t j p i y i ng thc high frequency signal, which is obtained 

third storage means for storing a third threshold value for by performing direct sequence spread spectrum modulation 

quality recovery that is smaller than the first threshold value 5Q us i n g the PN sequence, by the PN sequence that is employed 

and that is defined in advance for the quality deterioration for the direct sequence spectrum modulation, and converts 

index; the high frequency signal into an intermediate frequency 

third comparison means for comparing the third threshold signal, 

value stored in the third storage means with the quality In the invention in claim 8, the intermediate frequency 

deterioration index output by the error detection means; 55 signal thus provided is demodulated to obtain a baseband 

control signal output means for employing a result signal, and the quality of the baseband signal and the 

obtained by the first comparison means, a result obtained by magnitude of a signal output by the band-pass filter are 

the second comparison means and a result obtained by the employed to adjust the degree of attenuation provided by the 

third comparison means to output a control signal for variable gain attenuation means. 

controlling the degree of attenuation provided by the vari- 60 According to the radio receiver defined in claim 9, the 

able gain attenuation means, the control signal output means frequency conversion means converts the high frequency 

ascertaining, when the first comparison means determines signal, which is obtained by the direct sequence spectrum 

that the quality deterioration index exceeds the first thresh- modulation using a PN sequence, into an intermediate 

old value, that deterioration of tbe quality of the high frequency signal; the band-pass filter permits the passage 

frequency signal has occurred, and the control signal output 65 only of predetermined frequency band elements of the 

means outputting, when the second comparison means intermediate frequency signal that correspond to the PN 

determines that the magnitude of the signal output by the sequence used for the direct sequence spectrum modulation; 
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and in order to obtain the baseband signal that is multiplied control the degree of attenuation provided by the variable 

by the PN sequence, the demodulation means demodulates gain attenuator 3. 

a signal output by the variable intermediate frequency The variable gain attenuator 2, provided at the front end 

amplification means and, in order for the received data to be of the reception unit, serves as variable gain attenuation 

decoded, performs inverted spread processing by multiply- 5 means. Specifically, the variable gain attenuator 2 reduces 

ing the baseband signal by the same PN sequence as is used the level of a high frequency signal that is to be input to the 

for the direct sequence spectrum modulation. high frequency amplifier 3 at the next stage, and thus limits 

. „ . . ,. . c a • i n the cross-modulation that occurs upon receipt of a strong 

In the thus structured invention defined in claim 9, a . . • ■ j . i- L r L 

..... . i • ■ • » i nK , , . jamming signal due to the non-linear characteristics of the 

digital signal multiplied by a PN sequence is employed as a receiver 

baseband signal. The demodulation means demodulates the 10 ™ , '. . - . . t . . , , , 

,. * . . . , . , The hieh frequency signal that has been attenuated by the 

intermediate frequency signal to provide a baseband signal varkWc *^ f ^ ^ ^ fr / 

for which de-spread processing is performed using the PN am lifier \ and lhe frequen cy of the resultant signal is 

sequence. Phe demodulation means at the following stage cha d b (he f converter 4 in a frequency band 

multiplies the resultant digital signal by the PN sequence to lhat is adequate for signal amplification in the radio receiver. 

provide a digital signal that was received. Therefore, the ™ ^ high frequeDcy amplifier 3 performs low-noise ampli- 

band-pass filter of the present invention is a wide band-pass fi ca tion for a weak radio wave to improve the S/N ratio of 

filler having a bandwidth through which a modulated signal the radio receiver> andj therefore, enhances frequency sen- 

that spread by the PN sequence can be passed. sitivily h is preferable that there be little distortion. The 

The gain control means employs the magnitude of the frequency converter 4 can be constituted by a local 

spread baseband signal, which is passed through the wide 20 oscillator, for oscillating a local transmission wave, and a 

band -pass filter, and the quality deterioration index to con- frequency mixer, for mixing the local wave and the high 

trol the degree of attenuation provided by the variable gain frequency signal to provide an intermediate signal that is the 

attenuation means. sum of or the difference between the two signals (neither of 

these components is shown in FIG. 3). 

BRIEF DESCRIPTION OF THE DRAWINGS 25 ^ ^ $ ^ ^ ^ ^ pre(lelermjned 

FIG. 1 is a block diagram illustrating a conventional ratio frequency band that is required for the demodulation of 

receiver; signals that spread along the frequency axis with the inter- 

FIG. 2 is a block diagram illustrating another conven- mediale frequency serving as the center. In this embodiment, 

tional ratio receiver; 30 since a sl S nal mal ^ asscs throu S h the band-pass filter 5 must 

„ . ' - . .„ . ,. include a PN sequence that was used for spread spectrum, a 

FIG. 3 is a block diagram illustrating a radio receiver wide 5and 4 filter fe ! d thal ^ a £ ndwidlh 

according to one embodiment of the present invention; corresponding t0 the frequency spectrum for a PN sequence 

FIG. 4 is a block diagram illustrating the radio receiver with the intermediate wave signal serving as the center, 

according to the embodiment of the present invention, and The band . pass mm can DOt only be an LC circuit> 

m particular, showing m detail the arrangement of a gain but can also ^ a cryslal fiUerj a ceramic filter or a surface 

controller; and acoustic wave filter. 

FIG. 5 is a flowchart of control processing for the gain ^ variable gain controller 6, for amplifying the gain of 

controller shown in FIG. 4. a signa i tnat Dasses through the band-pass filter 5, and the 

DETAILED DESCRIPTION OF THE 40 automatic S ain controller 7, for controlling the gain to 

PREFERRED EMBODIMENT maintain a constant power output by the variable gain 

amplifier 6, constitute variable gain intermediate frequency 

The preferred embodiment of the present invention will amplification means for exercising automatic gain control, 

now be described while referring to the accompanying The automatic gain controller 7 receives the output power of 

drawings. 45 the amplified signal, and outputs a control voltage Vagc to 

FIG. 3 is a block diagram illustrating a radio receiver control the gain of the variable gain controller 6, so thai an 

according to one embodiment of the present invention. amplified signal is output that has a constant average power 

This radio receiver receives and demodulates a digital Pconsl. Since the power of a signal to be input to the 

modulated signal for which direct sequence spectrum spread demodulator 8 is constant, the effect of the power during 

has been performed, while limiting the effect of cross- 50 demodulation and error detection is eliminated, and the 

modulation. The radio receiver comprises: an antenna 1, for slable operation of the receiver is ensured, 

receiving a signal; a variable gain attenuator 2, for control- The variable intermediate frequency amplification means, 

ling the level of a signal input to a reception block; a high for performing automatic gain control, may be constituted 

frequency signal amplifier 3; a frequency converter 4, for by the variable gain amplifier 6, an amplitude limiter (not 

converting a received high frequency signal into an inter- 55 shown in FIG. 3), for receiving the output of the variable 

mediate frequency signal; a band-pass filter 5, for permitting gain amplifier 6, and the automatic gain controller 7, for 

only a predetermined frequency band to pass; a variable gain automatically controlling the gain of the variable gain ampli- 

amplifier 6, for amplifying a gain of a signal that passes fier 6 based on a signal from the amplitude limiter. 

through the band-pass filter 5; an automatic gain controller The demodulator 8 includes a coherent detector, for 

7, for controlling a gain to maintain a constant power output 60 demodulating the intermediate frequency signal, for which 

by the variable gain amplifier 6; a demodulator 8, for phase-shift keying (PSK) has been performed, to obtain a 

demodulating a baseband signal and for performing the baseband signal that is multiplied by a PN sequence; a PN 

de-spread processing; an error detector 10, for detecting, sequence generator, for generating the same PN sequence as 

from the output of the demodulator 8, a frame error count for is used by a transmission side, to perform spreading and 

a predetermined frame; and a gain controller 9, for employ- 65 modulation; and a decoder, for performing de-spreading 

ing the frame error count output by the error detector 10 and process, by multiplying the obtained baseband signal by the 

the value of the power output by the band-pass filter 5 to PN sequence, and for outputting a digital signal. 
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The radio receiver according to the embodiment has the power value Pin of the band -pass filter 5 with the threshold 

error detector 10 for detecting deterioration of the received value Pin it stored in the memory section 93, and outputs the 

signal quality by the output by the demodulator 8. In this result COMP3 to the control signal generator 95. 

embodiment, the error detector 10 employs CRC (Cyclic The control signal generator 95 employs signals COMP1 

Redundancy Code) or a parity bit, which is added in advance 5 anc j COMP3, output by the comparators 91 and 94, to 

to an information frame to be transferred, to detect and count generate a control signal that corresponds to a change in the 

frame errors that occur in a predetermined number of degree of attenuation provided by the variable gain attenu- 

frames, e.g., 100 frames, and outputs the detected frame alor 2. The adder 96 calculates the sum of the output of the 

error count as quality deterioration index T. control signal generator 95 and a gain control signal Vi, 

When a received high frequency signal is deteriorated by 10 which has been delayed by a delay element 97, and outputs 

cross-modulation, or when thermal noise is superimposed on the sum, as a new gain control signal Vatt, to the variable 

a received high frequency signal due to the condition of a gain attenuator 2 via the delay element 97. As is apparent 

communication path, the quality of data output by the from the above description, the control signal generator 95, 

demodulator 8 is deteriorated and the value of quality the adder 96 and the delay section 97 constitute control 

deterioration index T output by the error detector 10 is 15 signal output means. 

increased. Although not shown in FIG. 4, the control signal genera- 
The gain controller 9 controls the degree of attenuation tor 95 also serves as a stored content updating means. When, 
provided by the variable gain attenuator 2 in consonance in accordance with the result COMP2 obtained by the 
with the quality deterioration index T and the magnitude of comparison performed with the HI2 that represents the 
a signal output by the band-pass filter 5. Control is exercised 20 quality recovery, it is ascertained that the quality of the 
as follows. received data has been improved, the control signal genera- 
First, when the quality deterioration index T exceeds a tor 95 stores a current output power value Pin for the 
predetermined value, the gain controller 9 ascertains bandpass filter 5 as a new value Pinit in the memory section 
whether the deterioration of the quality of a received high 93. 

frequency signal is caused by a specific cause, and refers to 25 p or convenience sake, Vi is used to represent the Vatt held 

the power value Pin output by the band-pass filter 5. by me delay section 97. 

When the value Pin is equal to or greater than a prede- Now> the control operation of the gain controller 9 will 

termined value, it is assumed that cross- modulation has now be deS cribed while referring to a flowchart in FIG. 5. 

occurred, and the gain controller 9 increases the degree of /n nv c . . - „ . , . , w «. ■ • 

• j % * i • . , „ . -i «n_ 30 (Process 0) Fust of all, control signal voltage Vatt minis 

attenuation provided by the variable gain attenuator 2. When \ , / . n ' , ... , . . . — f 

. n K . ,, . . . * . , . set in the delay section 97 to establish a mmimum degree of 

the value Pin is smaller than the predetermined value, the ti . ' . , , . ... tt . -* f 

„ n . .J c * * attenuation provided by the variable gain attenuator 2. In 

gain controller 9 reduces the degree of attenuation, . r , J . . , ? . , . 

& . - , . other words, a maximum gain is set for the variable gam 

The arrangement and the control operation of the gain attenuator 2 

controller 9 will now be explained while referring to FIG. 4. , c ^ , . 

RG. 4 is a diagram showing the arrangement for the gain 35 ™ e ^ntrol signal generator 95 stores the output voltage 

controller 9 of the radio receiver shown in FIG. 3. Pm for the band-pass fflter as Pinit m the memory sect.on 93. 

„ . ,i n r L j . . ... . (Process 1) The comparator 91 compares the quality dete- 

The gam controller 9 of the radio rece.ver ,n this embodi- V, ^ in ' dex T Q * b lne ^ delector M 10> w ' ith the 

mem includes two comparators 91 and 92, for performing 4 , ... . ™ t1 r , . ' . ,. t ... . , . 

c . f. . . . ». t* threshold value 1 HI, which indicates quality deterioration, 

comparisons for the quality dele noration index T; a memory An , e t . . , pmini c . u . m «/u 

/ ft - - t " j * • j , «■ .u . • and refers to the output COMP1 of the comparator 91. When 

section 93, for storing a predetermined value Pinit that is ™. . , ' TU1 /fV ~ 1X v . . ... 

f * u .u u a cu c T is equal to or smaller than TH1 (T<TH1), it is assumed that 

established for power output by the band-pass filter 5; a , "I . . c . , . , V 1 . . - 

t nA / • .u i tv •/ -.u*u . . demodulation of a received high frequency signal is pre fer- 

comparator 94, for comparmg the value Pinit with the output c , . tl _ t , • i f . * 

i n- c *u u j ci. c - . i ably performed, and the control signal generator 95 outputs 

power value Pin of the band-pass filter 5; a gain control A . .u jj a i. 5 ■ i 

v . , ft _ c \. a 0 to the adder 96. As a result, Vatt_min is continuously 

signal generator 95, for generating a gain control signal to «... • . , • - „ -i 

* , . r . « . . . . . output to the variable gam 5 attenuator 2. 

control the degree of attenuation provided by the variable r ° 

gain attenuator 2; an adder 96; and a delay element 97. When T exceeds TO1 ( wheQ T>rai 15 detected), it is 

This configuration is provided by storage means, such as a u ssumed lh ^ 1 » hcrc u has been deterioration of the quality of 

• * j * i_ the received data because the qualitv or a received nitm 

a memory or a register, and computation means, such as a " , . , ,y ' " ' b 

frequency signal is deteriorated by a specific cause. Then, 

„ . . . c . . . u .u 50 the result COMP3 that is obtained when the comparator 94 

Relative to the frame error count output by the error „. . . n . . 4 . f , 4 . . e n 

. « rt . * . j » . .j ™ . compares Pin with Pinit is referred to, and the following 

detector 10, i.e., the quality deterioration index T, two - r h 

threshold values TH1 and TH2 are defined in advance for the processes are per orme 

respective comparators 91 and 92. The threshold value TH1 ( Process 1 2 ) When lhe result C0MP3 * "Pin<Pinit," it is 

is related to quality deterioration and the threshold value 55 assumed that there has **en deterioration of the quality of 

TH2 is related to quality recovery. Of these two threshold me received data because a high frequency signal having a 

values, there is a relation of TH1>TH2. The comparators 91 sufficiently high signal strength relative to thermal noise can 

and 92 compare the quality deterioration index T with the DOt be received, and the processing is thereafter terminated, 

threshold values TH1 and TH2, respectively, and output the (Process lb) When the result COMP1 is "Pin^Pinit," it is 

results COMP1 and COMP2 to the control signal generator 60 assumed that deterioration of the quality of the received data 

95. may have occurred as a result of cross-modulation, and 

The memory section 93 stores the threshold value Pinit in program control advances to process 2, whereat the gain 

conjunction with the power value Pin received from the controller 9 exercises control of the variable gain attenuator 

band-pass filter 5. The threshold value Pinit is employed 2. 

when there is deterioration of the quality of received data to 65 (Process 2) In response to the result obtained at process 

determine whether or not the deterioration is caused by lb, the gain control signal generator 95 outputs a signal for 

cross-modulation. The comparator 94 compares the output reducing the gain of the variable gain attenuator 2, i.e., a 
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signal Vall_up (Vatt_up>0) for increasing the degree of (Process 6) The comparator 92 compares the quality 

attenuation, to the adder 96. The adder 96 adds the Vatt_up deterioration index T with the threshold value TH2 indicat- 

and the value Vi held by the delay section 97. The delay ing quality recovery, and while the obtained result COMP2 

section 97 holds the result " Vi+Vatt_up" as a new value Vi, is referred to, the following processes are performed, 

and also outputs it as Vatt to the variable gain attenuator 2. 5 (Process 6a) As a result of the reduction in the degree of 

Procedure then advances to process 3 whereat the result is attenuation effected in process 5, when the result COMP2 is 

examined after the degree of attenuation has been increased. "T>TH2," i.e., when it is ascertained that the quality of 

(Process 3) The comparator 92 compares the quality received data has not yet been recovered because of thermal 

deterioration index T with the threshold value TH2 for noise » procedure returns to process 5 to reduce the degree of 

quality recovery, and while the output COMP2 is referred to, 10 attenuation provided by the variable gain attenuator 2. The 

the following processes are performed. S aiD contro1 si g nal generator 95 gain outputs the signal 

(Process 3a) When the result COMP2 is "T>TO2," it is Vatt_down to the adder 96, and changes the control voltage 

assumed that cross-modulation has not been sufficiently Vatt UD ! \ th * <* uah * £ * e jeceivedd^ has been recovered, 

limited, and program control returns to process 2. „ ie * unUl lhe rcsult C0MP2 15 T =™ 2 " 

„ - . j .» . . • . ■ • r. (Process 6b) When, as a result in process 5, the result 

Process 2 is repeated until it is ascertained that the quality r/ ; UIV , . • u *u i* r • jj* 

/> • . , , \ , , , ™ .,n COMP2 is T^TH2, i.e., when the quality of received data 

of the received data has been recovered. The control voltage . . , \. * i n* r i 

" . . ... . « « . • . „ . & has been recovered, the current power value Pin for a signal 

Vatt is sequentially changed and the degree of attenuation * ♦ u *u u ^ ai. e • . j • .u 

•j 77 • i_i ■ „ . -i - • j output by the band-pass filter 5 is stored in the memory 
provided by the variable gain attenuator 2 is increased. f. n ' ... r . IV . . . , . n . 
r J ° section 93 and the value Pimt is updated. Procedure there- 
EProcess 3b) When the result COMP2 is "T^TH2," the 20 a f ter re t urns to process 4. 

gain controller 9 assumes that the quality of the received A . . . . ^ A ... . ^ . 

~ , r%* * * As is described above, according to the radio receiver in 

data has been recovered, and stores as a new Pinit the power ^ embodiment lhe in (d of aUen uation) control of 

value Pin for a signal output by the band-pass filter 5. ^ vafiable in aUenualor 2 Ls exercised based on lhe error 

Procedure thereafter moves to process 4. frame mn% T of tte receiyed data and ^ powef ^ pin 

(Process 4) As well as in process 1, comparison result 25 f or a s i gna i output by the band-pass filter 5. Therefore, 

COMP1 is referred to, which is obtained when the com- unKke a conventional radio receiver that limits cross- 

parator 91 compares the quality deterioration index T with mutilation, depending on whether a synchronous frame 

the threshold value TH1 and which indicates deterioration of s j gna ] ^ detected, cross-modulation due to a jamming signal 

the quality of received data has occurred. can 5e adequately excluded from a desired wave, even when 

When T is equal to or smaller than TH1 (T^THl), it is 30 a signal for frame synchronization transmitted having a 
assumed that reception and demodulation of the high fre- higher signal strength than another channel signal is being 
quency signal is being preferably performed, and the control transmitted. Furthermore, when cross-modulation occurs 
signal generator 95 outputs a 0 to the adder 96 and the gain after synchronization is acquired, the effect of the cross- 
controller 9 outputs current Vatt. In other words, the current modulation can be limited. 

degree of attenuation provided by the variable gain attenu- 35 j n addition, when it is ascertained that deterioration of the 

ator 2 is maintained. quality of received data due to cross-modulation has been 

When T exceeds TH1 (when "T>TH1" is detected), it is reduced (the quality of received data has been recovered), 

assumed that deterioration of the quality of the received high the degree of attenuation provided by the variable gain 

frequency signal has occurred by a specific cause. The result 4Q controller 2 can be reduced to avoid the deterioration of the 

COMP3 is referred to, which is obtained when the com- quality of received data due to thermal noise, or the dete- 

paralor 94 compares the Pin with the updated Pinit, and the rioration of the quality of received data due to newly 

following processes are performed. occurring cross-modulation. 

(Process 4a) When the result COMP3 is "Pin^Pinit," it is In the above embodiment the frame error count has been 

assumed that deterioration of the received high frequency 45 employed as the quality deterioration index; however, a 

signal by cross-modulation is still occurring, and procedure symbol (bit) error count can be emplqyed^Wtienlhe maxi-. 

returns to process 2. In process 2, the degree of attenuation mum"lil^ImoodlleteTmmationrsiic^n as Viterbi decoding, is^} 
provided by the variable gain attenuator 2 is further^ performed for f rame decoding , theobtained likelihood-can^ 

increased. "\be employed. J ~~* 

(Process 4b) When the result COMP3 is"Pin<Pinit," it is 50 In the above description, the magnitudes of the signals 

assumed that the deterioration of the quality of the received Vatt_up and Vatt__down output by the gain control signal 

data is due to thermal noise. Procedure moves 10 step 5 to generator 95 of the gain controller 9 have a constant value, 

reduce the degree of attenuation provided by the variable regardless of the difference between the quality deterioration 

gain attenuator 2. index T and the threshold value TH1 or the difference 

(Process 5) In response to the receipt of the data from 55 between the value Pin and the value Pinit. However, a 

process 4b, the gain control signal generator 95 outputs to partially proportional relationship may be provided for the 

the adder 96 a signal Vatt„down (Vait_down<0) to reduce difference between each parameter and a threshold value, 

the degree of attenuation provided by the variable gain and the change in the degree of attenuation. The above 

attenuator 2. The adder 96 adds the signal Vatt_down to the described control method is merely an example, and the 

value Vi held by the delay section 97, and outputs the result 60 present invention is not limited to this method. 

"Vi+Vatt_down" as a new value Vi to the delay section 97. In the above radio receiver, the gain controller 9 outputs 

The delay section 97 outputs the new value Vi as a new Vatt the signal voltage Vatt that corresponds to the degree of 

to the variable gain attenuator 2 to reduce the degree of attenuation provided by the variable gain attenuator 2. By 

aUenuation provided by the variable gain attenuator 2, i.e., providing the functions of the adder 96 and the delay section 

to increase the gain. Procedure then advances to process 6 to 65 97 for the variable gain attenuator 2, the gain controller 9 

check the result obtained after the degree of attenuation was may output a signal that corresponds to the change in the 

reduced. degree of attenuation. 
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In the radio receiver in this embodiment, the demodulator 
8 performs de-spread process while assuming that a digital 
modulated signal has been received for which direct 
sequence spectrum spreading has been performed. The 
despreading process may be performed by the frequency 
converter 4. More specifically, the frequency converter 4 
may have a function for multiplying a received high fre- 
quency signal by the same PN sequence as used for the 
direct sequence spectrum spreading, and a frequency con- 
version function for converting into an intermediate fre- 
quency signal the first modulated signal obtained by the 
inverted spreading. These functions can be provided by a PN 
code generator, a local oscillator, a balanced modulator for 
performing the balanced modulation of a PN code and a 
local frequency signal, and a frequency mixer for mixing the 
frequencies of a balanced modulation signal and a received 
high frequency signal. 

Further, the present invention is not limited to the direct 
sequence spectrum spreading modulation system, and can be 
applied for a radio receiver employing a narrow band 
modulation system, such as phase-shift keying (PSK) or 20 
frequency-shift keying (FSK), that does not perform spec- 
trum spreading. 

According to the present invention, a quality deterioration 
index for received data, which is detected and measured by 
the error detection means, and the power value of a signal, 25 
which is output by the band-pass filter, are employed as 
parameters to control the degree of attenuation provided by 
the variable gain attenuation means provided at the front end 
of the reception unit. Thus, even when according to North 
American Standard TIA.IS-95 a base station is transmitting 30 
a signal that is related to frame synchronization and has 
higher strength than another channel signal, the effect of 
cross-modulation due to a jamming signal can be excluded 
from a desired wave. 

In addition, even when deterioration of the quality of a 
received high frequency signal occurs as a result of cross- 
modulation after synchronization has been acquired, the 
effect of the cross-modulation can be limited, and a radio 
receiver having high reception sensitivity can be provided. 

Furthermore, when the quality of received data has been 
recovered, the degree of attenuation provided by the variable 
gain attenuation means is reduced, so that the deterioration 
of the reception quality due to thermal noise can be pre- 
vented and the deterioration of the quality due to newly 
occurring cross-modulation can also be limited. As a result, 
a radio receiver having high and stable reception sensitivity 
can be provided. 

In particular, the sensitivity of a radio receiver defined in 
one of claims 2 to 7 is such that it can receive data more 
stably because multiple values or contiguous values are 50 
employed as a quality deterioration index. 

According to the invention cited in claim 8 or claim 9, a 
reception system thai employs the direct sequence spectrum 
spreading is especially effective in limiting the deterioration 
of the quality of received data, which is caused by cross- 
modulation. Therefore, in code division multiple access 
(CDMA) communication employing direct sequence spec- 
trum spreading, the effect of cross-modulation can be lim- 
ited. 

What is claimed is: 

1. A radio receiver for receiving a modulated digital signal 
comprising: 

variable gain attenuation means for limiting a signal level 
of a high frequency signal that is received; 
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frequency conversion means for converting into an inter- 
mediate frequency signal said high frequency signal 
that is amplified; 

a band-pass filter for permitting a passage only of prede- 
termined frequency band of said intermediate fre- 
quency signal; 

variable gain intermediate frequency amplification means 
for amplifying a signal passed through said band-pass 
filter and for exercising automatic gain control to 
output an amplified signal having constant average 
power; 

demodulation means for demodulating a signal output by 
said variable gain intermediate frequency amplification 
means to obtain a baseband signal, and for outputting 
received data; 

error detection means for detecting an error in said 
received data and for outputting a quality deterioration 
index representing deterioration of quality of said 
received data; and 
gain control means for employing the magnitude of a 
signal output by said band-pass filler and said quality 
deterioration index to control the degree of gain attenu- 
ation performed by said variable gain attenuation 
means, said gain control means ascertaining, when 
deterioration in quality of said received data is detected 
based on said quality deterioration index, that said 
quality of said high frequency signal that is received 
has been deteriorated, and increasing said degree of 
gain attenuation provided by said variable gain attenu- 
ation means when said magnitude of said signal output 
by said band-pass filter is equal to or greater than a 
predetermined value, and reducing said degree of gain 
attenuation when said magnitude of said signal is 
smaller than said predetermined value. 
A radio receiver according to claim 1, wherein said 



error detection means detects and measures errors in said 
received data and outputs said quality deterioration index, 
and wherein said gain control means includes comparison 
means for comparing a quality deterioration threshold value, 
40 which is determined in advance for said quality deterioration 
index, with said quality deterioration index output by said 
error detection means; 
wherein, as a result obtained by said comparison means, 
when said quality deterioration index output by said 
error detection means exceeds said quality deteriora- 
tion threshold value, it is ascertained that deterioration 
of said quality of said high frequency signal that is 
received has occurred, and wherein when the magni- 
tude of said signal output by said band-pass filter is 
equal to or greater than a predetermined value, the 
degree of attenuation provided by said variable gain 
attenuation means is increased, and when said magni- 
tude is smaller than said predetermined value, said 
degree of attenuation is reduced. 

3. A radio receiver according to claim 2, wherein said 
error detection means detects and measures symbol errors 
included in said received data, and outputs as said quality 
deterioration index a symbol error count for a predetermined 
number of frames. 

4. A radio receiver according to claim 2, wherein said 
error detection means detects and measures an error in a 
received frame by using for error detection a symbol that is 
added in advance to said frame, and outputs as said quality 
deterioration index a frame error count for a predetermined 



high frequency amplification means for amplifying said 65 number of frames. 

high frequency signal output by said variable gain 5. A radio receiver according to claim 2, wherein said 
attenuation means; error detection means measures a frame error count in said 
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received frame by using a likelihood obtained by determin- 
ing a maximum likelihood, and outputs said frame error 
count as said quality deterioration index. 

6. A radio receiver according to claim 2, wherein said gain 
control means includes: 5 

first storage means for storing a first threshold value for 
quality deterioration that is defined in advance relative 
to said quality deterioration index; 

first comparison means for comparing said first threshold 
value stored in said first storage means with said quality 10 
deterioration index output by said error detection 
means; 

second storage means for storing a second threshold value 
that is defined in advance for the magnitude of said 
signal output by said band-pass filter; 

second comparison means for comparing said second 
threshold value stored in said second storage means 
with said magnitude of said signal output by said 
band-pass filter; and 

control signal output means for employing a result 
obtained by said first comparison means and a result 
obtained by said second comparison means to output a 
control signal for controlling said degree of attenuation 
provided by said variable gain attenuation means, said 
signal output means ascertaining, when said first com- 
parison means determines that said quality deteriora- 
tion index exceeds said first threshold value, that dete- 
rioration of said quality of said high frequency signal 
has occurred and outputting either a control signal to 
increase said degree of attenuation provided by said 
variable gain attenuation means, when said second 
comparison means determines that said magnitude of 
said signal output by said band-pass filter is equal to or 
greater than said second threshold value, or a control 
signal to reduce said degree of attenuation, when said 
second comparison means determines that said magni- 
tude of said signal output by said band-pass filter is 
smaller than said threshold value. 

7. A radio receiver according to claim 2, wherein said gain 
control means includes: An 

40 

first storage means for storing a first threshold value for 
quality deterioration that is defined in advance relative 
to said quality deterioration index; 

first comparison means for comparing said first threshold 
value stored in said first storage means with said quality 45 
deterioration index output by said error detection 
means; 

second storage means for storing a second threshold value 
that is defined in advance for said magnitude of said 
signal output by said band-pass filter; 50 

second comparison means for comparing said second 
threshold value stored in said second storage means 
with said magnitude of said signal output by said 
band-pass filter; 
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control signal output means for employing a result 
obtained by said first comparison means, a result 
obtained by said second comparison means and a result 
obtained by said third comparison means to output a 
control signal for controlling said degree of attenuation 
provided by said variable gain attenuation means, said 
control signal output means ascertaining, when said 
first comparison means determines that said quality 
deterioration index exceeds said first threshold value, 
that deterioration of said quality of said high frequency 
signal has occurred, and said control signal output 
means outputting, when said second comparison means 
determines that said magnitude of said signal output by 
said band-pass filter is equal to or greater than said 
second threshold value, a control signal to increase said 
degree of attenuation provided by said variable gain 
attenuation means until said quality deterioration index 
is smaller than said threshold value for quality recovery 
stored in said third storage means, or outputting, when 
said second comparison means determines that said 
magnitude of said signal output by said band-pass filter 
is smaller than said threshold value, a control signal to 
reduce said degree of attenuation; and 

updating means for, when said degree of attenuation 
provided by said variable gain attenuation means is 
increased by said control signal output means and said 
third comparison means determines that said quality 
deterioration index is smaller than said third threshold 
value for said quality recovery, updating said second 
threshold value stored in said second storage means, 
said updating means updating the contents stored in 
said second storage means by employing the magnitude 
of a signal currently output by said band-pass filter as 
a new second threshold value. 

8. A radio receiver according to claim 1, wherein said 
frequency conversion means performs de-spread processing 
by multiplying said high frequency signal, which is obtained 
by performing direct sequence spread spectrum modulation 
using a PN sequence, by said PN sequence that is employed 
for said direct sequence spectrum modulation, and wherein 
said frequency conversion means converts said high fre- 
quency signal into an intermediate frequency signal. 

9. A radio receiver according to claim 1, wherein said 
frequency conversion means converts said high frequency 
signal, which is obtained by said direct sequence spectrum 
modulation using a PN sequence, into an intermediate 
frequency signal; wherein said band-pass filter permits the 
passage only of predetermined frequency band elements of 
said intermediate frequency signal that correspond to said 
PN sequence used for said direct sequence spectrum modu- 
lation; and wherein, in order to obtain said baseband signal 



third storage means for storing a third threshold value for 55 that is multiplied by said PN sequence, said demodulation 
quality recovery that is smaller than said first threshold means demodulates a signal output by said variable inter- 
value and that is defined in advance for said quality mediate frequency amplification means and, in order for said 
deterioration index; received data to be decoded, performs de -spread processing 

third comparison means for comparing said third thresh- by multiplying said baseband signal by the same PN series 

old value stored in said third storage means with said 60 as is used for said direct sequence spectrum modulation, 
quality deterioration index output by said error detec- 
tion means; * * * * * 
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